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SELECTIVE ALUMINUM PLUG 
FORMATION AND ETCHBACK PROCESS 

This application claims priority under 35 USC §119(e) 
(1) of provisional application No. 60/113,135 ?led Dec. 18, 
1998. 

CROSS-REFERENCE TO RELATED PATENT/ 
PATENT APPLICATIONS 

The following commonly assigned patent/patent applica- 1 
tions are hereby incorporated herein by reference: 

Patent No./Serial No. Filing Date TI Case No. 

09/467,108 12/17/1999 TI-23187 
08/988,686 12/11/1997 TI-22166 

FIELD OF THE INVENTION 

The instant invention pertains to semiconductor device 
fabrication and processing and more speci?cally to a method 
of fabricating an aluminum plug With an etchback process. 

BACKGROUND OF THE INVENTION 

Presently, in the semiconductor device manufacturing 
industry, manufacturers are constantly trying to reduce the 
siZe of the semiconductor devices While also trying to reduce 
the poWer consumed by each device. In order to make the 
devices smaller, so as to ?t more devices Within a given area, 
the devices are made to be more compact. This can be 
problematic With respect to the conductive structures 
because the resistance of a conductor is proportional to the 
resistivity of the material used but inversely proportional to 
the cross-sectional area of the conductor. Hence, as the 
cross-sectional area is reduced the resistivity should be 
reduced so as to offset the difference in the resistance of the 
structure. Furthermore, since the other trend in the industry 
relates to the reduction of poWer consumption by the device, 
it is preferable to reduce the resistivity of the conductor as 
much as possible, because poWer consumption is propor 
tional to the resistance of the conductive structure. 

Tungsten plugs have been used for via and contact ?ll for 
quite some time in the semiconductor manufacturing indus 
try. HoWever, its resistivity is higher than other conductors 
and as contact and via diameters become smaller and aspect 
ratios become larger, these vias become more dif?cult to ?ll 
With traditional tungsten deposition techniques. In addition, 
traditional tungsten deposition techniques (usually accom 
plished by chemical vapor deposition, CVD, of the tungsten) 
require barrier and glue layers Which raise the processing 
cost and complexity. Selective tungsten formation has been 
attempted but has not lead to any practical semiconductor 
processes. 
Due to the loWer resistivity of aluminum as compared to 

tungsten, aluminum plugs offer the potential for loWer via 
and contact resistance. Sputter-re?oW of aluminum is a 
relatively inexpensive alternative to CVD tungsten, but it 
has not been successfully implemented for technology nodes 
less than 0.35 micron. CVD aluminum is an alternative to 
CVD tungsten processing and is being investigated through 
out the industry for various structures. In addition, since 
CVD aluminum requires loWer processing temperatures, it 
can be integrated With polymer-based loW dielectric constant 
dielectrics. HoWever, due to its nonconformal nature, blan 
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2 
ket CVD aluminum is subject to void formation When used 
to form the plug in a via With a higher aspect ratio or When 
the via or contact is small. Another disadvantage of CVD 
aluminum is that it should be formed on a nucleation layer. 

Selective CVD aluminum has been attempted in the 
industry. Basically, it involves the selective deposition of 
aluminum on metal surfaces Without being deposited on 
oxide surfaces. With respect to via or contact formation, the 
via or contact is formed upWardly from the bottom, thereby 

O eliminating the void formation that blanket aluminum depo 
sition suffers from When the topography is re-entrant. One 
advantage of this method is that it can be used to ?ll deep 
submicron vias and contacts Without voids. In addition, 
selective CVD aluminum does not require an underlying 
liner or nucleation layer. 

A couple issues With selective CVD aluminum processing 
involve the removal of any undesired non-selective deposi 
tions and the recessing of the plug. For plug recessing and 
the removal of any unWanted non-selective deposition, 
chemical mechanical polishing (CMP) of the aluminum has 
been used, but CMP can be costly and complex. Aluminum 
CMP and cleanup processing is still relatively neW and they 
are problematic due to dishing and scratching of the soft 
aluminum. 

SUMMARY OF THE INVENTION 

An embodiment of the instant invention is a method of 
fabricating an electronic device over a semiconductor sub 
strate having an interconnecting structure comprised of 
aluminum, the method comprising the steps of: forming a 
conductive structure comprised of a metal; forming a dielec 
tric layer over the conductive structure, the dielectric layer 
having an upper surface; forming an opening in the dielec 
tric layer so as to expose a portion of the conductive 
structure, the opening having sideWalls; selectively depos 
iting an aluminum-containing conductive material in the 
opening; and performing an etchback process so as to 
remove any of the aluminum-containing conductive material 
formed on the hardmask and so as to etch back any portion 
of the aluminum-containing conductor Which is situated 
over the upper surface of the dielectric layer. In an alterna 
tive embodiment, the method further comprises the step of: 
forming a hardmask on the upper surface of the dielectric 
layer, the hardmask having an upper surface and being 
formed prior to the step of forming an opening in the 
dielectric layer; and Wherein an opening is formed in the 
hardmask prior to the step of forming an opening in the 
dielectric layer. Preferably, the hardmask is comprised of 
material Which is etched using an etchant Which does not 
substantially etch the dielectric layer. This material is pref 
erably a nitride (more preferably, silicon nitride). The 
aluminum-containing conductive material is comprised of: 
substantially pure aluminum or an aluminum alloy. The 
conductive structure is comprised of: aluminum or a TiN 
structure situated on an aluminum structure. Preferably, the 
exposed conductive structure is the aluminum structure. 

Another embodiment of the instant invention is a method 
of fabricating an electronic device over a semiconductor 
substrate having an interconnecting structure comprised of 
aluminum, the method comprising the steps of: forming a 
conductive structure comprised of aluminum; forming a 
dielectric layer over the conductive structure, the dielectric 
layer having an upper surface; forming a hardmask layer on 
the upper surface of the dielectric layer, the hardmask having 
an upper surface and comprised of silicon nitride; forming 
an opening in the hard mask so as to expose a portion of the 
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dielectric layer, the opening having sidewalls; forming an 
opening in the exposed portion of the dielectric layer so as 
to expose a portion of the conductive structure, the opening 
having sideWalls; selectively depositing an aluminum 
containing conductive material in the opening; performing 
an etchback process so as to remove any of the aluminum 
containing conductive material formed on the hardmask and 
so as to etch back any portion of the aluminum-containing 
conductor Which is situated over the upper surface of the 
hardmask; and Wherein the dielectric layer is not substan 
tially etched by the etchant used to etch the opening in the 
hardmask. Preferably, the aluminum-containing conductive 
material is comprised of: substantially pure aluminum or an 
aluminum alloy. The conductive structure is, preferably, 
comprised of a TiN structure situated on an aluminum 
structure and the exposed portion of the conductive structure 
is the aluminum structure. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIGS. 1a—1d are cross-sectional vieWs of a partially 
fabricated device Which is fabricated using the method of 
one embodiment of the instant invention. 

Similar reference numerals are used throughout the ?g 
ures to designate like or equivalent features. The ?gures are 
not draWn to scale. They are merely provided to illustrate the 
affect of the method of the instant invention. 

DETAILED DESCRIPTION OF THE DRAWINGS 

The instant invention involves a method of forming a 
contact or via Which utiliZes selective aluminum formation 
along With an aluminum plug etchback process that is less 
costly and more simple than the standard CMP process for 
removing the non-selective deposition and excess aluminum 
plug material. HoWever, the instant invention may be imple 
mented in any type of aluminum plug formation process 
?oW. The formation of the aluminum does not have to be 
accomplished by selective-CVD. The etchback process may 
use BCl3, Cl2 or any other chlorine-containing etch chem 
istries. 

Referring to FIG. 1a, isolation structures 104 are formed 
in substrate 102 (Which may be comprised of single crystal 
silicon or an epitaxial silicon layer formed on a single crystal 
silicon body). Isolation structures 104 are illustrated as 
trench isolation structures but they can be formed as LOCOS 
isolation structures and/or junction isolation structures. Gate 
structure 108 is formed over substrate 102 and source/drain 
regions 106 are preferably aligned to gate structure 108. 
Preferably, gate structure 108 is comprised of a gate dielec 
tric (Which may be comprised of silicon dioxide, silicon 
nitride, an oxynitride, or a higher dielectric constant material 
such as PZT, BST, or tantalum pentoxide), sideWall spacers 
(preferably comprised of silicon dioxide, silicon nitride or 
an oxynitride), and a conductive structure Which may be a 
silicided doped polycrystalline structure (shoWn) or a metal 
structure (preferably comprised of tungsten, TiN, aluminum, 
copper, or another metal conductor). A conformal layer 110 
is preferably formed over gate 108, source/drain regions 106 
and isolation structure 104, and is preferably comprised of 
a insulating material such as silicon nitride or silicon diox 
ide. Insulating layer 112 (preferably comprised of TEOS, 
PETEOS, silicon dioxide, BPSG, PSG, FSG, silicon oxide, 
or a combination of one or more of the above) is formed over 
layer 110 and an opening is formed in it to form a contact to 
gate structure 108 and/or source/drain regions 106. If plug 
116 is formed of CVD aluminum or tungsten then liner/ 
barrier layer 114 is preferably formed. Layer 114 is prefer 
ably comprised of either TiN or a Ti/TiN stack. 
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4 
Next, an interconnect 122 is formed. Preferably, the 

interconnect Will be comprised of a conductive material such 
as aluminum, aluminum doped With 0.5 to 2.0 percent by 
Weight of copper, or even substantially pure copper. The 
interconnect is also, preferably but not necessarily, com 
prised of underlying Ti layer 118 and/or TiN layer 120 and 
overlying layer 128, Which is preferably comprised of Ti, 
TiN and/or an antire?ective coating. A liner layer 124 is 
preferably blanketly formed so as to prevent leakage from 
the interconnect structure to an adjacent interconnect struc 
ture. Liner layer 124 may be comprised of silicon nitride, 
silicon dioxide, PETEOS, or a combination of the above. 
Dielectric layer 126 is formed on liner layer 124 and is 
preferably comprised of a loWer dielectric constant material 
such as HSQ, aerogel, xerogel, FSG, or a loW-k polymer. 
Layer 126 is important to reduce the interaction betWeen 
adjacent interconnect structures. A second dielectric layer 
(layer 130) Which can be planariZed may be formed on layer 
126. Preferably, layer 130 is comprised of silicon dioxide, 
TEOS, PETEOS, PSG, FSG, BPSG, or other glass material. 
Hard mask 132 is preferably formed on layer 130. Hard 
mask layer 132 should be comprised of a material Which is 
etched in an etchant Which does not substantially etch 
underlying layers 130 and 126 (and vice versa). This is done 
so that as layers 126, 128 and 130 are etched using a 
photoresist mask 134 (FIG. 1b) as a mask. The sideWalls of 
this opening remain vertical because hard mask 132 Will not 
be substantially etched by this etchant but photoresist mask 
134 may erode during this etch process. 

Referring to FIG. 1c, once the opening is formed and 
either liner/barrier layer 128 or conductive structure 122 is 
exposed plug 136 is formed. Preferably, plug 136 is formed 
by selective deposition of aluminum. This is preferably 
accomplished using metal precursor (such as DMAH, TMA, 
TMAA, or other commonly used precursor), at a pressure 
around 1 to 3 Torr (more preferably around 2 Torr) and at a 
temperature around 200 to 300 C. (more preferably around 
240 to 260 C.) for approximately 5 to 60 seconds (more 
preferably around 10 seconds). Using this process, the 
aluminum Will form upWardly from the bottom exposed 
conductor. Since this is a selective process, aluminum 
should preferably be formed over the exposed conductor and 
not on layer 132. HoWever, some aluminum 137 Will be 
deposited on layer 132. 

Referring to FIG. 1d, in order to remove extraneous 
material 137 and the portion of plug 136 Which overlies the 
uppermost surface of layer 132 an etchback process is 
performed, next. Preferably, this is accomplished by sub 
jecting the Wafer to an etchant, such as BCl3 or C12, at a 
pressure around 5 to 20 mTorr (more preferably around 10 
mTorr) and at a temperature around 25 to 100 C. (more 
preferably around 35 C.) for around 2 to 30 seconds (more 
preferably around 3 to 10 seconds). Hardmask layer 132 
may or may not be removed. If it is removed, it may be 
removed either during or after the etchback process 
(preferably after if at all). 

While the above description of the invention speci?cally 
refers to a selectively deposited aluminum plug structure, 
the instant invention can be used on aluminum or aluminum 
doped With copper plug structures. In addition, the formation 
step does not have to be accomplished by selective deposi 
tion. 

Although speci?c embodiments of the present invention 
are herein described, they are not to be construed as limiting 
the scope of the invention. Many embodiments of the 
present invention Will become apparent to those skilled in 
the art in light of methodology of the speci?cation. The 
scope of the invention is limited only by the claims 
appended. 
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What We claim is: 
1. A method of fabricating an electronic device over a 

semiconductor substrate having an interconnecting 
structure, said method comprising the steps of: 

forming a metallic electrically conductive structure; 
forming a dielectric having at least one layer over said 

electrically conductive structure, said dielectric having 
an upper surface; 

forming a hardmask on said upper surface of said dielec 
tric having an upper surface and an opening there 
through extending to said upper surface, said opening 
formed by etching said hardmask With an etchant Which 
does not substantially etch said dielectric; 

then forming an opening in said dielectric extending from 
said opening in said hardmask to expose a portion of 
said electrically conductive structure With an etchant 
Which does not substantially etch said hardmask, said 
opening having sideWalls; 

selectively depositing an aluminum-containing electri 
cally conductive material into said opening; and above 
and over said hardmask; and 

then performing an etchback process to remove any of the 
aluminum-containing conductive material formed on 
said hardmask and to etch back any portion of said 
aluminum-containing conductor Which is situated over 
said upper surface of said dielectric. 

2. The method of claim 1 Wherein said dielectric has a 
plurality of layers and is formed by the steps of providing a 
?rst layer over said conductive structure having a ?rst 
predetermined dielectric constant, providing a second layer 
over said ?rst layer having a dielectric constant loWer than 
said ?rst layer and providing a third planariZed layer over 
said second layer having a dielectric constant larger than 
said second layer. 

3. The method of claim 1, Wherein said hardmask is 
comprised of material Which is etched using an etchant 
Which does not substantially etch said dielectric layer. 

4. The method of claim 3, Wherein said hardmask is 
comprised a nitride. 

5. The method of claim 4, Wherein said hardmask is 
comprised of silicon nitride. 

6. The method of claim 1, Wherein said aluminum 
containing conductive material is substantially pure alumi 
num. 

7. The method of claim 1, Wherein said aluminum 
containing conductive material is an aluminum alloy. 

8. The method of claim 1, Wherein said metal is alumi 
num. 

9. The method of claim 1, Wherein said metal is comprised 
of a TiN structure situated on an aluminum structure. 
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10. The method of claim 9, Wherein said exposed con 

ductive structure is said aluminum structure. 
11. A method of fabricating an electronic device over a 

semiconductor substrate having an interconnecting 
structure, said method comprising the steps of: 

forming an electrically conductive structure; 
forming a dielectric having at least one layer over said 

electrically conductive structure, said dielectric having 
an upper surface; 

forming a hardmask layer on said upper surface of said 
dielectric, said hardmask having an upper surface and 
comprised of silicon nitride; 

forming an opening in said hardmask to expose a portion 
of said dielectric, said opening having sideWalls; 

then forming an opening in said exposed portion of said 
dielectric extending from said opening in said hard 
mask to expose a portion of said electrically conductive 
structure; said opening having sideWalls; 

selectively depositing an aluminum-containing conduc 
tive material in said opening extending over and onto 
said hardmask; and 

then performing an etchback process to remove any of the 
aluminum-containing conductive material formed on 
said hardmask and to etchback any portion of said 
aluminum-containing conductor Which is situated over 
said upper surface of said hardmask; 

said dielectric layer not being substantially etched by the 
etchant used to etch the opening in said hardmask. 

12. The method of claim 11, Wherein said aluminum 
containing conductive material is substantially pure alumi 
num. 

13. The method of claim 11, Wherein said aluminum 
containing conductive material is an aluminum alloy. 

14. The method of claim 1, Wherein said conductive 
structure is comprised of a TiN structure situated on an 
aluminum structure. 

15. The method of claim 9, Wherein said exposed portion 
of said conductive structure is said aluminum structure. 

16. The method of claim 11 Wherein said dielectric has a 
plurality of layers and is formed by the steps of providing a 
?rst layer over said conductive structure having a ?rst 
predetermined dielectric constant, providing a second layer 
over said ?rst layer having a dielectric constant loWer than 
said ?rst layer and providing a third planariZed layer over 
said second layer having a dielectric constant larger than 
said second layer. 


